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(54) Strip casting apparatus 

(57) T.v i roil easier for casting metai strip Meta ( ;s 
deMve r ed throjoh a distnb . (16) and ceiivery r,os/.\e 
( 4 9] betwe*. ■ ■ pair cl casting roils ( * 6} tc *crm a casting 
pool (30) suppclea on rolls (16) and confined by end 
plates (55) Moils (15) are rotated to delrver cast strip 
downwardly from the nip between them Rolls (16} are 
mounted on carriers (1C4) moveable to allow rolls (16) 



to move bodily toward and away from one another. Bi- 
asing units (110. VI cr"t on the rnP earners (104.) to 
force tnem agasns; :-;r**ai steps ("0") ana to prcv.de 
roil biasing forces. 

Stops (107) are ad ^stable to se* the width of the 
nip between the rolls -'16;. Biasing units (11 0) comprise 
biasing springs (112) whereas bias nq units (111) com- 
prise hydraulic actuators (113). 
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Descr ipticn 

BACKGROUND : 



T-lE INVEM ON 



[0C01] 



rver' m r r- ate." :o eashm; c* r> " 



[OC02] lS >, - re-, castor mo '.or -iota. =s r: oemme 
cetweer n ea r ci comaa-rotated hcr/craa cast nc 10 s 
a i c r a * e cec i»jc s 'j t o a f "lotril she.'s soiid:*y cr the f !icv- 
n g rc '! s .maces a'"c am cm cert together at tic- -\j 
t.voen fo — tc momme a soic*ec strip p-oom: eo v- 
orec a - o.y : : cm Ire mo oetween me ro 5 ' ' 

torrr "n o* * -5eo nere r to rete- tc tne gene:?.: recc 
at vvr ch trc- rc s are closest tec e the' Toe roiten mo'.-, 
may be pemed from a ad e rto a smaller vessel or se- 
ries o' sma lor vessels 'rem wmcn !t flows thmugn a met- 
al oe"ve-y rc//lc -coatee above the np so as ?o direct 
■t into the hot ween the rolls, so 'cming a cast.rg 00c 
of molten metal 5 jo per tc j cm the :ac!inc scribe c:f the 
mils moieo ate ; y aoovn toe -no and extending a: one; the 
'ongth c too f p Th S cast my pool is usually cormnec: 
set we en s de p ate 5 creams he:c in s omg engagement 
th end su -faces of the ro Is so as to dam the two eres 
of the casting peel aca est outflow, althougo alternative 
means su:n as electromagnets 0 arners have also beer 
prepesec 

[0003] 'he sett no, op and ad^stment cf toe castirg 
mils in a twin roil caster is a significant problem Tre 
rolls must dc accurately set to properly define an appro- 
priate width for the nip, generally the order of onl/ a few 
mi'Iimctrcs. and th ere must also be some means 'or al- 
! owing at least one of the roil«; to o eve ouiwaic: : y aeaom; 
a oiasing force to accommodate fluctuations in strip 
thickness particularly during start up. PrevKously pro- 
posed arrangements have employed roll mounting and 
biasing means in which require relative sliding move- 
ment between separate components at several loca- 
tions, resulting in several sources of friction loading 
which interferes with accurate positioning of the rolls 
and accurate measurement of the roll biasing forces 
Moreover with the previous arrangements it has not 
been possible to provide preloading roll biasing forces 
which can be accurately set prior to casting and it has 
been necessary to wait for metal to pass through the 
rolls to develop reactive forces resisting roll separation 
in order to generate appropriate roll biasing forces The 
present invention provides a novel roll biasing system 
which minimises the sources of friction during operation 
and when enables the preloading of the roH biasing forc- 
es prior to casting 

SUMMARY OF THE INVENTION 

[0004] According tothe invention there is provided ap- 
paratus for continuously casting metal strip comprising 
a pa r o? parallel casting rolls forming a nip botweer 
them, metal delrvery means to deliver molten metal into 



so 



too n-o cot /veer toe -cis to ' orr * :_ist og pooi C m 0 ten 
meta supported or cast-no rci ; s- laces n-meo.nteiy 
arcvo me ■-. c pool con- n 1 0, means to confine the n-o - 
ten etai r me castmc pool saaj-.st cutf'cvv "m^ t n 

»%'cc n -o is: ere c' mo cashru ' oile s moumoc on 
a pa.r o ; ovuac-e rci car e"s At cr ..s lew that ore 'oil 
• to move L^xdly '.oac'J r.-vj a a ay ft or: the ctre- oil 
vmere-:r. mem s =s- aoj jstae'e stoo means tc lim.t r .varo 
ceo 'y -re o f sere ere rc to.va-d me c # -o- 

•.vnere n !r e'e s a Co r 0' eJ 0 <-.■: ^ c 'm ts act.r c ere on 
eacn of -he pair cf moveaoio rc- I o-oners to h as said 
ore ro I body inAamly tCAa'd :- 0 otner ro 1 anc wrem- 
.n each roil biasing unit comprises a tnmst transrrvss on 
struct me corrected :o me msoective ml came- a tnmst 
mar: or stratum having a set session thrust mo a mo 
act.ng net ween the tnrus* "each on stmcture are "he 
;mm: tmmrn'ss c~ stmctmo :o e<et a tr mst cm :re 
ir-r-s*. imnunussmr^ str-C.-'e to o <-.s 'ne re&pect-vtj oil 
car: e- :r-w ro y a.gamst tr -j naposej cy toe &!oj 

means. 

[0005] Preteraol/ the t^ms* transmission structure r- 
corpomtes a cad zs\. to merrier the th'ust transmrtted 
thereoy witnout any f net ion generating movement with in 
that structure 

[0006] Tne thru si means may comprise a sormg act- 
ing between me tmust react. on structure and the thrust 
transm:ssicn structure. 

[0007] Alternatively or in acdition the thrust means 

may con rr o ^ pressure fl j;d actuator means 
[0003] l? the th ust means co-nsists solely of a pros- 
sure fluid a::tuatcr means, the thrust reaction structure 
may be permanently fixed in said set position. However, 
in the case where the thrust means comprises a spring, 
the thrust reaction structure may be adjustable in posi- 
tion to vary said set position whereby to vary the biasing 
force generated by the spring 

[0009] The casting rolls may each be mounted cn a 
pair of moveable roll carriers so as to be bodily move- 
able toward and away from the other roil and the adjust- 
able stop moans may then limit inward bodily movement 
of both of the rolls. 

[0010] In that case the said pair of roll biasing units 
may be one of two such pairs acting on the pairs of roll 
carriers to bias both of the rolls inwardry against the limit 
established by the stop means. 

[0011] The adjustable stop means may be disposed 
beneath the n;p and between the roll earners tc serve 
as a spacer step for engagement with the roll carriers to 
pre-set the minimum width of the nip between the rolls 
and aajuslable in width to vary the minimum width of the 
nip 

[001 2] Tne roll carriers may comronse a pair of roll end 
support structures for each of the rolls disposed gener- 
ally beneath the ends of the respective roll Each pair of 
roll end support structures may carry journal bearings 
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T oun!:ng tne -esbective r oi enos !c re: at- or acout a 
centra: ro I axis 

[0013] ^he acjus:at:e stoo neans may ccrp'ise a 
oair of ad ustao e sroos csoosed one between eacn cf 
*^e pairs o* rc'l ere s..r>co r t structures a* tne :.v3 prns 
of tr,e ro asscmro y 

[0014] Ea;~ aajustac-o :too rra/ see- ^s s cer.tnrc 
stoo disposed abcut a cemra- vert :a came tmcugn tnc 
no between toe ro. s and actuat e sj:h thai 1 can be 
oxbandec an : contracted by equal movements to eithei 
5 Je of She centra: Dane so as to maintain ec-ual mni- 
■^m spacing cf re rc:;s frcm :-g contra c <-.r* 
[0015] Eacr cer:.-al stop may be composed of an ox- 
cansiolc anc ccrtractiole rrochari ca: jack Each lac-v 
may for examole be sere a or worm driven f c adjus*- 
ment 

[0016] T ne cas* rg rolls anc r oN carrers may be 
mountco on a roi mccJc installed .n and 'cmcvafclG 
'rem the caster as a unit In that case tnc thrcs: trans- 
miss. on structure 3f caci biasing j.mt may oc Giscon- 
noctable f r orn toe respective rcil carrier to erao-e the 
module to be -emcved without removing or cismantlinc 
tne rcll biasing un ts 

[0017] in apparatus in accordance w tn tne nvention 
m wh ch both of the casting rolls are biased by -espec- 
tive pairs oi biasing units, the biasing units acting on cne 
of tne rolfs may have thrust means in the form ct springs 
whereas the biasing units act ng on the other rcll may 
have thrust means in the ^orm of pressure fluid actuators 
whereby tre apparatus can do operated in al'ernative 
modes in which one of the rolls is restrained against lat- 
eral bodily movement anc tne ct.oer is moveable laterally 
against e.00H< spring biasing lorces or biasing forces 
generated by the pressure fluid actuators 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] In order that the invention may be fully ex- 
claimed one particular embodiment will be described in 
some detail with reference to the accompanying draw- 
ings in which: 

Figure 1 is a vertical cross section through a strip 
caster constructed in accordance with the present 
invention. 

Figure 2 is an enlargement of-part of Figure 1 illus- 
trating important components of the caster 
Figure 3 is a longitudinal cross section through im- 
portant parts of the caster. 
Figure 4 is an end elevation of the caster; 
Figures 5, 6 and 7 show the caster in varying con- 
ditions during casting and during removal of the roll 
module from the caster: 

Figure 8 is a vertical cross-section through a roll bi- 
asing unit incorporating a roll biasing spring; and 
Figure 9 is a verttcal cross -sect ton through a roll bi- 
asing unit incorporating a pressure fluid actuator 



Sob oC P ^ iCN OF rh:"bH-:j rVpOL VbN " 

[0019] Tne illustrated caster cc»mcr ses a man ma- 
emre ' r ame 11 wr cr stanas '.c frcn- tne 'a;: Dry f ice r 
= <ro* srewm ana sue pets a castrg m > module in tre 
form of a cassette * 3 •vn:cn can be r.cvcc r:o an cc- 
era: ; c cos \-cr. ,n the caster as a t c J. can ■ eaaoy z e 
re move a wren tne rc;!s are to be rep ,:_ed Cassette 1 3 
car r es a pa>r o* parallel casting nous 15 to v\r ch mo ten 
■J rneta- is suoolied during a casting opeiat or horn a au e 
mot sro.vm; a a tundisr 17 si ism outer 1c ara del \ e-y 
r.cz:'-o ' 9 to create a casting coo 30 Cast rg ro s m 
are water cooed so mat shells senary cr the r:; rg 
rc I sjrtaces and are brought together at the mo be'ween 
r $ then- to produce a schemed strip mocuct 20 at the roll 
cutlet This orccuct may oe fed to a s'andam co ler 
[0020] Casting ro'ls 16 am contra- rotated mmcc:r 
cr vc shafts 41 ''cm ar c ectr.c motor anc tmnsm.ss'on 
mctmcd cr tne man machine frame 'he drive sha't 
-J can do disconnected f r om the trarsm ssicr wnen tre 
cassette is to oe rerncvec Rolis 16 have copper penpr - 
oral ".vails formed with a series of longitudinally extend- 
ing anc ctrcumierentially spaced wate- cooling passag- 
es s joplied with cooling water thrcugn the roli encs from 
£5 water supply ducts in the roil drive shafts 41 which are 
connected to water supply hoses 42 through rotary 
giancs 43 The roll may typically be about 500 mm d - 
ameier and uo to 2000 mm long in order to produce strip 
product approximately *he wicth of the rolis 
30 [0021] The ladle is of entirely conventional construc- 
tion and is supported on a rotating turret whence it can 
ion brought into position over the tundish 17 to fill the 
tunci.sh. Tne tundish may be fitted with a sliding gate 
valve 47 actuable by a servo cylinder to allow molten 
^5 metai to flow from the tundish 17 through the valve 47 
and refractory shroud 46 into the distributor 1 B. 
[0022] The distnbutor 18 is also of conventional con- 
struction. It is formed as a wide dish made of a refractory 
material such as magnesium oxide (MgO). One side of 
to the distributor 1 8 receives molten metal from the tundish 
17 and the other side of the distributor 18 is provided 
with a series of longitudinally spaced metal outlet open- 
ings 52. The lower part of the distributor 18 carries 
mounting brackets 53 for mounting the distributor onto 
4 $ the mam caster frame 11 when the cassette is installed 
in its operative position. 

[0023] Delivery nozzle 19 is formed as an elongate 
body made of a refractory material such as alumina 
graphite. Its lower part is tapered so as to converge in- 
so wardfy and downwardly so that it can project into the nip 
between casting rolls 16. Its upper part is formed with 
outwardly projecting side flanges 55 which locate on a 
mounting bracket 60 which forms part of the main frame 
11 

55 [0024] Nozzle 19 may have a series of horizontally 
spaced generally vertically extending flow passages to 
produce a suitably low velocity discharge of metal 
throughout the width of the rolls andtodeliverthe molten 
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meta* -,r\z me no between the -oils w Ceut c 'eel — - 
omqemem cr me rc-i sjrtaces a: wh;er imtia so iciaca- 
t;on occurs A : amatively :ne no7z;e may nave a sinc.e 
contiguous s-ot cutset ic ce rver a cw veiccitv cjrta^n c* 
mo'ten Tie!--: c:rec- v nic tre n p 3 etwee- me rciis a-m 
- r * n^orsoc :n tre- molten mc!,r oooi 

[OC25] 'he , •; , rcmred a: :re cnos at -0 r; : , , , 
pa«r o" Si uo c.csu'e c ates 56 wncn are r icc aca r st 
rteooec eras 57 of the ro is wnen tne rol cassette s s r 
•5 operative pos tier- 3<de cicsure oiates 56 are mace 
a strong 'efractcry maternal, 'c example oorcn mtr-ce 
and -nave sea leceo s de edges to match tne c-vhture 
cf tr.e stepped ems of tne rol s Tne sue plates can ce 
moumec r date hc ! ::ers '62 wmen are movaoie by ac- 
tuation o* a ca r ct ^yd'aulic cyhndar ..n ts 83 to brine 
tne siae plates into ergagernert with the s'eooed ercs 
of the cas' rq rcHs to fern one c csums for tne mo a en 
ooohy mota 'omneo on tno casting 'oils cuang a castino 
operator 

[0026] Djnng a casing operation the sliding gate 
va ve 47 is actuated to a."cw mciter metal to pcur from 
t^etundisn 17 tothecistf butor 13 and inrcugh the meta : 
delivery no^te 1 9 whence it flows onto the cast.rg ro s 
The read end of tne stnp orccuet 20 5 gj ded by actu- 
ation cf an apron taole 96 to a omen roll and thence 1c 
a coiling station (n Dt shown). Apron taoie 96 hangs from 
pivot mountings 97 on the ma-n frame and can be swung 
toward the pmcn roll by actuation of an hydraulic cylinder 
unit (not snown) after the clean head end has been 
tormec 

[0027] The removable roil cassette 1 3 is constructed 
so that the casting rolls 16 can be set up and the mo 
ce-wann in em adjured before the cassette :s instated 
in oosition in tne caster. Moreover when the cassette is 
installed two pairs of roll biasing units 110, 111 mounted ■ 
on the main machine frame 11 can be rapidly connected 
to roll supports on the cassette to provide biasing forces 
resisting separation of the rolls. 

[0028] Roll cassette 13 comprises a large frame 102 
which carries the rolls 16 and upper pan 103 of the re- - 
fractory enclosure for enclosing the cast strip below the 
nip. Rolls 16 are mounted on roll supports 104 which 
carry roll end bearings (not shown) by which the rolls 
are mounted for rotation about their longitudinal axis in 
parallel relationship with one another. The two pairs cf 
roll supports 1 04 are mounted on the roll cassette frame 
102 by means of linear bearings 106 whereby they can 
slide laterally of tne cassette frame to provide for bodily 
movement of the rolls toward and away from one anoth- 
er thus permitting separation and closing movement be- s, 
tween the two parallel rolis 

[0029] Roll cassette frame 102 also carries two ad- 
justable spacers 107 disposed beneath the rolls about 
a central vertical plane between the rolls and located 
between the two pairs of roll supports 1 04 so as to serve Si 
as stops limiting inward movement of the two roll sup- 
ports thereby to define the minimum width of the nip be- 
tween the rolls As explained below the roll biasing units 



e ■ s^c: 



J r is mwr 



" " <j ' ' ■ are rfctuac ,e t 
against tnese centra, steps but to permit outwarc spnnc- 
: ng movement of cne o' tne roils against preset oias rq 

[0C30] F a.m cert-a • 



ic-.ce r 



is -n ' 



uatton c; tne jack 
: expansion ara 
:f the mp wndo 
19 ro :s 'mm tre 



a Acrm cr screw :r .on /icr, hav.rg 1 cod, ' C5 ' xea 
'■z at ve to t-e centra vertical cane c-'mo carter : t r.a two 
ores tC9 w c ce mcvco on act 
eoua fy ;n opposite- c:rec! cr s to perm 
10 contract on cf me jack to aeiust tne /act! 
ma.nta rmg ecuidistance spec rq of 

[0031] tne caster is prcvicec with two pairs cf rol- b - 
as.ng units fC I't connectec cr e pa to the supports 
75 'C4 C f each m '6 Tre rol b asing units '1 3 at one soe 
cf the machi-e ^re "led w:th helical oias -3 springs 112 
to pro. ce b ps -c fo'ces on tne respective ro l supports 
• cu 'Are-oas tre o asmg units tr at the ether s»ce o* 
the mach<no ,r :cr:.cra\c hydra, ic actuators 113 The 
cc const'j:ti:n of tne biasing ur.ts 110 1 1 1 ,5 : \- 
lustrated in Figtnes 8 ar:d 9. Tne arrangement is sucn 
as to orcviae two seoarate modes o' op era no n In tre 
first mode the casing units 111 are locked to hold the 
respect ve rC suppers 1 Coo' one -oil r-rmly aga ns: the 
centra: stops and the other rol :s free to move laterally 
against the action o* the basing springs 112 of the units 
HO In the alternative mode of operation the biasing 
un'ts 110 are locked t d hold the respective supports 104 
of the other roll 'irmly against the central stops and the 
hydraulic actuates 11 3 cf the biasing units 111 are op- 
erated to provide servo-controlled hydraulic biasing of 
the respective roil. For norma! casting it is possible to 
use sirnc'O spring c asmg l ut for high productivity cast- 
ing (60 metres per minute and above) it is most desirable 
to have servo-controiied biasing forces. 
[0032] The detailed construction of biasing units 110 
is illustrated in F-gure 5. As shown in that figure, the bi- 
asing unit comprises a spring barrel housing 114 dis- 
posed within an outer housing 115 which is fixed to the 
mam caster frame 11 6 by fixing bolts 117 
[0033] Spring housing 1 1 4 is formed with a piston 1 1 8 
which runs within the outer housing 115. Spring housing 
114 can be set alternatively in an extended position as 
illustrated in Figure 8 and a retracted position by flow of 
hydraulic fluid to and from the cylinder 118. The outer 
end of spring housing 1 1 4 carries a screw jack 1 1 9 op- 
erated by a geared motor 120 operable to set the posi- 
tion of a spring reaction plunger 121 connected to the 
screw jack by a rod 1 30 

[0034] The inner end of the sonng 112 acts on a thrust 
rod structure 122 wnich is connected to the respective 
roll support 1 04 through a load cell 1 25. The thrust struc- 
ture is initially pulled into firm engagement with the roll 
support by a connector 124 which can be extended by 
operation cf a hydraulic cylinder 123 when the biasing 
unit is to be disconnected. 

[0035] When biasing unit 110 is connected to its re- 
spective roll support 1 04 with the spring housing 1 1 4 set 
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r ts e«tencec cone ton hs s^cvm n r r me ccs - 

j on c :-,e spnng ncus.~g and scew iacK 5 hxec r e at ve 
to the mach re frame and the pos I cr o J the scrrq -e- 
a-ton ::j'ir;o r * 2' ca" re set to acrust the ::r;vP5?:C~ 
a* t^e soring "12 ami to se-'ve as a * *en f m.amem 

jgasr.ci .vacn tno scnng can react to ape y Ih'.sph;; 

'OSCCCt'VC rc; SJOCC't 1j4 W;tn th iS a ' amCC r ' C ' : t t r >j 

only relative movement cur rg cast.ng cceat.on is the 
movement of the ' of i suuuort 1C4 and tnruster s'aucturu 
1 22 as a unit against tie c:as r 3 sp nig Acccc n 3 y the 

C f: cticr oaa anc tic Icac actually app -ed !c tno ro 
suDPort can Pe very accurately measured by tne loac 
:e Moreover snce tn e c as .ng jn 1: acts to b a s tne ro 
support 1 C4 in ware y acairst the slop 11 can be adjuster 
to pre loan the ro! support w th. a requirec spr no h asing 
'orce befee metal actuary posses bciwoor. the castmp 
XjI's anc that biasing feme wJI ce ma in tamer casing a 
sucsoquent casting operation 

[0036] The detailed constr jc'jon of biasing uats 111 
5 ! lust rated in mgure 9 As shown in that fieu a the hy- 
draulic actuator 1 1 3 is termed cy an outer hcusirg struc- 
ture 131 * :<ed to the machine frame by fixing studs • 32 
and an inner piston structure 1 33 whicn forms pant of a 
tnruster structure 134 which acts on the respective ro : ! 
support 104 through a local cell 1 37. The thruster struc- 
ture is initially pulled into firm engagement w'.n tne ro.i 
support by a connector 135 whicn can be extended bv 
actuation of a hydraulic p-ston and cylinder unit 136 
wnen the thruster structure is to ce disconnected from 
tne roll suoocrt Hydraulic actuator 1 1 3 can be actuated 
to [t:c» e the tnruster structure 1 3- bet whom extendec 
ana retracted conditions and when >n the extended con- 
dition Jo apply a thrust which is transmitted directly to 
the roil support bearing 104 through the load cell 137. 
As in the case cf the spring biasing units 110 the only 
movement which occurs during casting is tne movement 
of the roll support and the thruster structure as a unit 
relative to the remainder of the biasing unit. Accordingly, 
the hydraulic actuator and the load cell need only act 
against one source of friction load and the biasing force 
applied by the unit can be very accurately controlled and 
measured As in the case of the spring loaded biasing 
units, the direct inward biasing of the roll supports 
against the fixed stop enables preloading of the roll sup- 
ports with accurately measured biasing forces before 
casting commences. 

[0037] For normal casting the biasing units 111 may 
be locked to hold the respective roll supports firmly 
against the central stops simply by applying high pres- 
sure fluid to the actuators 11 3 anc the springs 1 1 2 of the 
biasing units 110 may provide the necessary biasing 
forces on one of the rolls Alternatively if the biasing 
units 111 are to be used to provide servo-controlled bi- 
asing forces, the units 110 are locked up by adjusting 
the positions of the spring reaction plungers 121 to in- 
crease the spring forces to a level well in excess of the 



rc ! c.^s'm 'e'ees recuirod 'cr rcncii casing "he 
semes tnen r.cic tne respective 'Oi earners * -my 
Hcairs: tre certna! stcos dunnc ro r mai casting out c r o- 
v :>•> pmerge^c 1 ) release at the -oil ' e*cess ve ro *er 

(0038) Rc,!. cassette 'arrc :')? is SLp::c*:oc an he a 

j-i'. c* ccerat ve cos her *;!h:n tre j. 1-3:0: On *Cr.^r r : 
tne opeaativo position the whole fiame is i "ted cy oper- 

• 0 aticn o' a hoist 143 comofismg hydrauic cylinder jn.ts 
"44 d'-.c then c amceo cy cce'ation cf ronzcaa ry- 
':a, ■:: cymdo: umts * -lb wrereby ft -s ' 'mty : ^ m c e c - 
:s coorat ve pcsition As tre cassette trame is rais-c-a oy 
cceration cf tne host '43 a central centering or prp- 
.ides accurate longitudinal location cf the cassette 
f-fine The c-pera" on o* tr* honzontal cy mco' units 1-5 
r lamps the cassette 'ame a gainst fixed stops *46 on 
tne main machine frame wherooy it is accurately ccated 
latera y o' 'he rollers such that tne ccrteamg jac-s c 

— i.pace'5 1 C7 a r o propcly oca:ed on the ccrta-ii vO'tica! 
plane cf the caste- This ensu es that the ro ls are accu- 
ir/.yy bet at uouai spacing *'prn the contra a lane ar a 
tnat the eel: very nozz'e 1 9 -s a!sc accurately pos t area 
her eat n tne d s'noutor 18 on the mam ma cn a e frame 

£5 1 1 

(0039J Tne il ustrated caster nas been advancec by 
way of example only and ;t couid oe modified cons'CJer- 
abty For e>amp«e it woulo be possible to provide roll 
biasing un'ts incorporating both springs and hydraulic 

20 actuators However, the separation of the two kincs of 
actuation is preferred for simplicity of construction ard 
flexibility of cperation. it is also not essential to the 
present 'nvent:on tnat tno roils ard central stops be 
mounted on a removable module or cassette and they 

^5 could be mounted directly on the main machine frame 
It is accordingly to be understood that the invention is <n 
no way limited to the constructional details of the illus- 
trated caster and that many modifications and variations 
will fail within the scope of the appended claims. 

40 

Claims 

1. Apparatus for continuously casting metal strip com- 
45 prising a pair of parallel casting rolls (16) forming a 

nip between them, metal delivery means (18, 1 9) *o 
deliver molten metal into the nip between the -oils 
to form a casting pool (30) of molten metal support- 
ed on casting roll surfaces immediately above the 
nip; pool confining means (56) to confine the molten 
metal in the casting pool against outflow from the 
ends of the mo; and roll drrve means (41) to drive 
the casting rolls in counter-rotational directions to 
produce a solidified strip (20) of metal delivered 
ss downwardly from the nip characterised in that at 

least one of the casting roils (16) is mounted on a 
pair of moveable roll carriers (104) which allow that 
one roll (16) to move bodily toward and away from 
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cTe r re i • 1 G ■ Te'e 15 ar aciustae e step :7ie- r~ s 
7 '. tc :rr:l nwar:! bccily rrcvenent c! said ore 
tcwa r o tne otner. trere is a pair o 4 rcil ciasmc 
r s 1 1 ' C cr "ill acting one on eacn cf Te pair cf 
veae e rc : earr •= -s :o h a 9 saic cne rc ■; 1 6 1 roc 
rwarc y toward 'he ct^c roll (16. and each m 
'" " - ' • • ' • ccmp: scs a T'ust "am: 

ii on -o 'uCL.'c 1 22 or • 54, ccnnectec to :r o 'o- 
oil -amer. a thrust reaction struct -re ■ - 21 
31 1 raving a se» pos t cr :nf ust means . ~ 1 1 or 
) actrg between the th-ust reaction structure 
1 cr 1 31 ) arc lie tr r js*. 'rsrsn s stcn s "est- j- e 
_ cr 1 34.) to exert a thrust :r the Trust transrr is- 
str ucture tocias ire respective ro carr er "J 4.; 
-coy against tre I -nit imposed by tne step 
•rs ! 1 C7) 



2. Ape a Titus as claimed ;n claim i, fur- nor character- 
ised r tra* tne tnrust transmission structure { ■ 22 or 
t 34; incorporates a : ?.ad ce I M 25 or 1 37) Id Tionfor 
the -rust Tansmitlec thereby wf.nout any frclicr 
generat rrj movement within that structure 

3. Apparatus as ciaimed -n claim 1 or claim 2 fuiher 
c.naracter.sed in that the thrust means (113) com- £5 
prises a pressure flurd actuator means. 

4. Apparatus as claimed in claim 1 or claim 2, further 
cr-aractensed in that the thrust means (112) corn- 
prices a spring acting between the thrust reaction so 
structure (121) and the thrust transmission struc- 
ture 122). 

5. Apparatus as claimed in claim 4, turner character- 
ised m that the thrust reaction structure (1 21 ) is ad- 35 
justable in position to vary said set position whereby 

to way the biasing force generated by the spring 
(112) 



Apparatus as ciaimed in any one of claims 1 to 5, -jo 
further characterised in that the casting rods (16) 
are each mounted on a pair of movable roll carriers 
(104) so as to be bodify moveable toward and away 
from the other roll and the adjustable stop means 
(1 07) is effective to limit inward bodily movement of *s 
both of the roils (16). 

Apparatus as claimed in claim 6, further character- 
ised in that said pair of roll biasing units is one of 
two such pairs (110. 1 1 1 ) acting on the pairs of roll so 
earners M 04) to bias both of the roils inwardly 
against the limit established by the stop means 
(107) 



8. Apparatus as claimed in claim 7, further character- S5 
ised in that the biasing units (1 1 0) acting on one of 
the rolls (16) have thrust means in the form of 
springs (112) whereas the biasing units (111 ) acting 



cr oe otner rc : ' 1 o • nave thrust mo^ns the 'cr — 
c! cessjre fluid actuates ( r 3; 

9. Apparatus as c*a:mea m any cne c/ z a n? 5 tc 6 
Tr-^er crar ace-used n Tat the ac us tab e h'oz 
—cars -TC7- -s esecsec p- on oath Te no a~p ce- 
•weer. t-o rp s vr.crs .. , C4. tc scve as a space 
s:cc ''pr crgago.m on t a ;r to ro I earners - 1 04 1 ;o 
cre-set the mm. mum wiath of the r p between the 
f c is and ac LStao'e in width to vary tno m r rr -m 
w;ctn of the n-p 

10. Appa-atus as cla.meP in an> cne o J : a ms 5 tc 9 
turner craractensec r that tne rol earners (lC4j 
ccmprse a pair o' ro ere support structu'es fc 
each of the 'oils e.srcsec generally bereatn the 
ercs q* tne respect. ve rol' 

11. Apparatus as claimed r ev^m 10, ''urthcr charac- 
ter sed m that each pair o' rc i! end support struc- 
tures carries journal beanrgs mounting the respec- 
tive ro l ends fo- rctat on aooul a centra! roll axis 

12. Apparatus as c.a ned m claim 1 0 or c.'aim 1 1 . 'urther 
characterised in tnat the adjustable stop means 
( 107) comprises a pair of adjustable stops disposed 
one between each of the pairs of roll end support 
structures at the two ends of the ro.'i assembly 

13. Apparatus as ciaimed in claim 12, further charac- 
terised ;n that each adjustable stop (107) serves as 
a centring stop disposed about a central vertical 
plane through the nip between the rolls and actua- 
bie such that it can be expanded and contracted by 
eaual movements to either side of the central plane 
so as to maintain equal minimum spacing of the rolls 
from the central plane. 

14. Apparatus as claimed in claim 13, further charac- 
terised in that each central stop (107) is comprised 
of an expansible and contractible mechanical jack 

15. Apparatus as claimed in any one of claims 1 to 14, 
further characterised in that the casting rolls (16) 
and roll carriers (104) are mounted on a roll module 
(13) installed in and removable from the caster as 
a unit. 

16. Apparatus as claimed in claim 15, further charac- 
terised in that the thrust transmission structure (1 22 
or 134) of each biasing unit (110 or 111) is discon- 
nectable from the respective roll carrier (1 04) to en- 
able the module (1 3) to be removed without remov- 
ing cr dismantling the roil biasing units 
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